The aim of this study was to assess the relationship between obesity and vitamin D status cross-sectionally, the relationship between obesity and the incidence of hypovitaminosis D prospectively and inversely the relationship between vitamin D status and incidence of obesity in a population-based cohort study in Spain. At baseline (1996)(1997)(1998), 1226 subjects were evaluated and follow-up assessments were performed in 2002-2004 and 2005-2007, participants undergoing an interview and clinical examination with an oral glucose tolerance test. At the second visit, 25-hydroxyvitamin D and intact parathyroid hormone concentrations were also measured. Prevalence of obesity at the three visits was 28.1, 36.2 and 39.5%, respectively. The prevalence of vitamin D deficiency (25-hydroxyvitamin D p20 ng/ml (p50 nmol/l)) was 34.7%. Neither obesity at baseline (OR ¼ 0.98, 95% CI: 0.69-1.40, P ¼ 0.93) nor the development of obesity between baseline and the second evaluation (OR ¼ 0.80, 95% CI: 0.48-1.33, P ¼ 0.39) were significantly associated with vitamin D status. In subjects who were non-obese (BMI o30 kg/m 2 ) at the second evaluation, 25-hydroxyvitamin D values p17 ng/ml (p42.5 nmol/l) were significantly associated with an increased risk of developing obesity in the next 4 years (OR ¼ 2.35, 95% CI: 1.03-5.4, P ¼ 0.040 after diverse adjustments). We conclude that vitamin D deficiency is associated with an increased risk of developing obesity. (2013) 67, 680-682; doi:10.1038/ejcn.2013 published online 20 February 2013 Keywords: vitamin D; obesity; 25-hydroxyvitamin D; weight; prospective study INTRODUCTION A complex relationship has been described between obesity and vitamin D concentrations. Previous cross-sectional studies suggest an inverse relation between body mass index (BMI) and fat mass, with low concentrations of 25-hydroxyvitamin D and high concentrations of intact parathyroid hormone (iPTH).
INTRODUCTION
A complex relationship has been described between obesity and vitamin D concentrations. Previous cross-sectional studies suggest an inverse relation between body mass index (BMI) and fat mass, with low concentrations of 25-hydroxyvitamin D and high concentrations of intact parathyroid hormone (iPTH). 1 Adipocytes can express the vitamin D receptor and can secrete the enzyme 1-a-hydroxylase; thus, local activation of vitamin D may contribute to, and be regulated by adipose tissue function. 2 However, whether obesity is responsible for low 25-hydroxyvitamin D concentrations, or whether hypovitaminosis D can lead to obesity, or even whether there are regulatory interactions between obesity and vitamin D activity remains unclear.
Accordingly, the aim of this study was to assess the relationship between obesity and vitamin D status within the Pizarra study, a 12-year, prospective, population-based study undertaken in southern Spain.
MATERIALS AND METHODS
The Pizarra study is a prospective, population-based study undertaken in Pizarra, Málaga, in southern Spain. The baseline study was undertaken during 1996-1998, with the inclusion of 1226 subjects. Of the initial cohort, 988 subjects were re-evaluated in 2002-2004, and 961 subjects were re-evaluated later in [2005] [2006] [2007] . At both the baseline and the follow-up visits, all the participants underwent an interview and a standardized clinical examination. Measurements were made of weight, height, waist and hip circumferences. The BMI was calculated as weight in kg divided by height in m 2 . A BMI X30 kg/m 2 was considered as obesity. The same methodology was used for the baseline and the follow-up studies.
A fasting blood sample was drawn at baseline and at the follow-up visits in all subjects. Serum was stored at À 80 1C for later analysis. Measurements of 25-hydroxyvitamin D and iPTH concentrations were made at the second visit. An oral glucose tolerance test was performed in those subjects without known diabetes at each visit. Values of 25-hydroxyvitamin D p20 ng/ml were considered to represent vitamin D deficiency according to Endocrine Society recommendations. Diabetes was diagnosed and classified according to the 2011 American Diabetes Association criteria.
The protocol was approved by the Ethics and Clinical Research Committee of Carlos Haya Hospital, Malaga. All the participants provided written informed consent.
Glucose (mg/dl) was measured by hexoquinase-glucose-6-phosphate dehydrogenase (Dimension Vista System, Siemens, Erlangen, Germany). 25-hydroxyvitamin D (ng/ml) levels were measured by electrochemiluminescence (ECLIA immunoassay, Modular Analytics E170, Roche, Roche Diagnostics GmbH, Mannheim, Germany) (sensitivity 4-100 ng/ml, own intraassay coefficient of variation (CV): 7.30%, interassay CV: 13,02%) (This assay does not detect D2 metabolites well and has less precision than others). 3 Intact parathyroid hormone (pg/ml) was measured by electrochemiluminescence (ECLIA immunoassay, Modular Analytics E170, Roche), (sensitivity 1.20-5000 pg/ml, CV 7.02%).
Statistical analysis
Continuous variables are presented as the mean and standard deviation or percentiles, and categorical variables as percentages. The normality of the distribution of the continuous variables was determined by the Shapiro-Wilks test. To evaluate the association between obesity and 25-hydroxyvitamin D concentrations, the odds ratio (OR) and 95% confidence intervals (CI) were calculated using a logistic regression model. In all cases, the level of rejection of a null hypothesis was a ¼ 0.05.
RESULTS
The clinical and biochemical characteristics of the participants at each visit are shown in Table 1 . In cross-sectional study at the second visit, 25-hydroxyvitamin D values were lower in obese subjects (23.3 ± 6.3 vs 21.9 ± 6.2 ng/ml, P ¼ 0.002). However, no significant association was found between vitamin D deficiency and obesity after adjustment for sex, age, season, iPTH values and the diagnosis of diabetes (OR ¼ 1.052, 95% CI: 0.76-1.44, P ¼ 0.75).
Weight and incidence of vitamin D deficiency
In subjects who were obese at baseline (first evaluation), the prevalence of vitamin D deficiency at the second evaluation was 38.9 vs 32.6% in those who were not obese at baseline. This difference was not significant after adjustment for sex, age, season, iPTH values and the diagnosis of diabetes (Table 2) . Neither weight increase during the 6 years of follow-up between baseline and the second visit, nor the development of obesity during this period was significantly associated with the prevalence of vitamin D deficiency at the second evaluation (Table 2 ).
Vitamin D deficiency and incidence of obesity Subjects with 25-hydroxyvitamin D values p17 ng/ml at the second evaluation were more likely to be obese at the third evaluation than subjects with 25-hydroxyvitamin values 417 ng/ml at the second evaluation (19 vs 9.5%, P ¼ 0.03) ( Table 2) . After adjusting the model for sex, age, season, iPTH values and the diagnosis of diabetes, the OR for developing obesity between the second and third evaluations in subjects with 25-hydroxyvitamin D values p17 ng/ml was 2.35 (95% CI: 1.03-5.34, P ¼ 0.04) ( Table 2 ). The OR of gaining X3.7 kg (75th percentile) between the second and third evaluations in subjects with 25-hydroxyvitamin D values p17 ng/ml was 2.37 (95% CI: 1.23-4.58, P ¼ 0.01) ( Table 2 ).
DISCUSSION
The results of the present study suggest that lower 25-hydroxyvitamin D values in obese subjects may not have been secondary to obesity, but may in fact precede obesity. Different cross-sectional studies have reported a high prevalence of vitamin D deficiency in obese subjects, as well as significantly lower 25-hydroxyvitamin D values in obese than in non-obese subjects. 1 We found similar results in the initial analysis, but this relationship disappeared after the model was adjusted for sex, age, season, iPTH values and the diagnosis of diabetes (we adjusted for iPTH because 25-hydroxyvitamin D and iPTH were negatively correlated in this study and because iPTH and obesity could have been related. After analysis, iPTH did not correlate with obesity when we adjusted for 25-hydroxyvitamin D concentration; data not shown). Few prospective studies have addressed this issue, mostly with contradictory results. Some studies found that BMI, waist-hip ratio and the percentage of fat mass were associated with later lower vitamin D status. 1, 4 On the other hand, an improvement in vitamin D status has been reported after weight loss, either as a result of a hypocaloric diet and exercise or bariatric surgery. 3.7 kg: 75th percentile of the weight gain distribution between the second and third study in non-obese subjects of second study.
Vitamin D and obesity I González-Molero et al
The relationship between vitamin D and adipose tissue does not seem to be reduced to a mere storage function, and adipocytokines and inflammatory mediators produced in adipose tissue may have an important role. 4 Whether visceral or subcutaneous fat is more likely to be involved with lower values of vitamin D is not well known. 5 Some authors have noted that after ultraviolet B radiation exposure, obese subjects have a lower increase in vitamin D values than non-obese subjects and even after oral vitamin D supplementation, obese subjects have a lower increase in vitamin D values than non-obese subjects, 6 which highlights the role of subcutaneous fat in vitamin D storage. 6 However, other authors have found that visceral fat is more relevant than BMI in determining vitamin D values, which supports the prominent role of visceral fat and its cytokine and inflammatory mediators production. 4 In this regard, the study of Cheng et al. 5 is very interesting because they performed scanner studies to asses subcutaneous and visceral fat volume. Both volumes were associated independently with vitamin D values, but the association was stronger for visceral fat. The relationship between 25-hydroxyvitamin D concentration and visceral fat was maintained for all values of BMI, however the relationship between subcutaneous fat and vitamin D disappeared for subjects with lower BMI.
Recent studies have found that adequate vitamin D status protects against the development of obesity. Ortega et al. 7 observed in 60 women that baseline 25-hydroxyvitamin D values predict weight loss after a hypocaloric diet during 2 weeks. A prospective study in children demonstrated that lower values of 25-hydroxyvitamin D were associated with an increase in BMI and waist circumference after 3 years of follow-up. 8 Mai et al. evaluated 2165 subjects with a BMI o30 and found that 25-hydroxyvitamin D values p50 nmol/l were associated with an increased risk of obesity. Shahar et al. 10 found a relationship between vitamin D status and weight loss in 126 subjects who were followed up for 2 years. Other data suggesting that vitamin D can modulate the incidence of obesity were reported by Teegarden et al., 11 who observed that higher values of 25-hydroxyvitamin D determine an increased thermogenic effect of food and Chan She Ping-Delfos et al. 12 who observed that after oral supplementation of calcium and vitamin D, there was an immediate reduction of food intake, a longer time between meals, and a lower food intake in the next 24 h. As other studies found no positive effect of vitamin D status on weight loss and obesity incidence, 13, 14 Earthman et al. 2 concluded in a recent review that there is not enough evidence to declare whether vitamin D reduces, increases or does not modify the risk of obesity.
The mechanisms involved in the action of vitamin D on the activity and differentiation of adipose tissue are still largely unknown. One of these pathways could be because 1,25-hydroxyvitamin D may block the differentiation of adipose tissue, suppressing the activity of lipoprotein lipase, aP2, PPAR-g, C/EBP-a and SREBP-1, although other mechanism can be involved. 2 
CONCLUSION
The discordant results of previous studies could be due to the different designs, since cross-sectional studies do not allow the establishment of a causal relationship, whereas prospective studies could include confounding variables during analysis that can modify the association between the study variables; moreover, different nutritional and weather patterns may not have been taken into account. Nevertheless, certain pathophysiological arguments exist, as discussed above, to suggest that the relationship between vitamin D status and obesity may work both ways. The design and features of the Pizarra study allow the evaluation of vitamin D status and obesity in both directions in the same population. Our results suggest that vitamin D status may determine the incidence of obesity.
